Abstract -The effect of caponisation on fat composition by parts (wing, breast, thigh, and drumstick) and tissues (skin, subcutaneous adipose tissue, intermuscular adipose tissue and muscle) was examined in the present study and fatty acid profiles of abdominal fat and edible meat by parts and tissue components were determined. The sample was made up of twenty-eight castrated and twenty male Penedesenca Negra chicks reared under free-range conditions and slaughtered at 28 wk of age; the birds were castrated at four or eight weeks. Caponisation significantly increased (P < 0.01) the chemical fat content in all parts (16.31% to 37.98% in breast; 21.98% to 34.13% in wing; 21.09% to 49.57% in thigh; 14.33% to 24.82% in drumstick) and led to minor modifications in fat characteristics, particularly in the thigh and the drumstick, where the unsaturated vs. saturated fatty acid ratio increased from 1.31 to 1.76 ( P < 0.01) and from 1.48 to 2.07 (P < 0.01), respectively. Delaying the age of castration from 4 to 8 weeks increased this ratio by 0.35 in the edible meat. Even though the profile of the abdominal fat is less saturated in capons, all changes occurring on fat quality after caponisation indicate that increased fatness after castration does not imply worse fat nutritional properties. chicken / capon / edible meat / fatty acids Résumé -Comparaison de la composition lipidique de la viande, des tissus adipeux et des muscles de coqs et de chapons. Les effets de la castration sur la composition de la graisse de différents morceaux (ailes, filets, cuisses, pilons) et de tissus (peau, graisse sous cutanée, tissus adipeux intermusculaires et muscles) ont été mesurés dans la présente étude. Les profils en acides gras (AG) de la graisse abdominale et des morceaux ont été déterminés. Les prélèvements ont été faits sur 28 chapons et 20 coqs Penedesenca Noirs élevés en plein air et sacrifiés à l'âge de 28 semaines, le chaponnage étant réalisé à l'âge de 4 ou de 8 semaines. Le chaponnage fait augmenter significativement (P < 0,01) la concentration en graisse de tous les morceaux (de 16,31 à 37,98 % dans les filets ; de 21,98 à 34,13 % dans les ailes ; de 21,09 à 49,57 % dans les cuisses et de 14,33 à 24,82 % dans les pilons, en moyenne) et induit quelques modifications mineures des caractéristiques des graisses, particulièrement dans les cuisses et les pilons. Le chaponnage fait augmenter le rapport AG insaturés/AG saturés de 1,31 à 1,76 (P < 0,01) et de 1,48 à 2,07 (P < 0,01) dans les cuisses et les pilons, respectivement. En retardant l'âge de la castration de 4 à 8 semaines, ce rapport augmente de 0,35 en moyenne dans la viande consommée. Bien que le profil en AG de la graisse abdominale soit moins saturé chez les chapons, l'ensemble des changements se produisant sur la qualité des graisses après chaponnage suggère que l'engraissement supérieur des chapons n'implique pas une réduction de la qualité nutritionnelle des graisses.
INTRODUCTION
Caponisation in poultry has been a common practice for centuries to improve and maintain meat quality throughout the year [24] . Nowadays, although its consumption is strongly seasonal in the Mediterranean area, capons are considered a source of prestigious and high-priced meat. There are few works that have attempted to characterise caponisation effects; however, in a previous work we analysed the effects of caponisation on carcass distribution and tissue composition [23] . In line with other works [4, 26] , our results showed that the main effects of caponisation are related to fat deposition: capons have more abdominal, subcutaneous and intramuscular fat than cocks. In particular, at the same age, the abdominal fat in capons is around sixfold heavier than in cocks. Moreover, the correlation between abdominal fat with subcutaneous and intramuscular fat was 0.86 and 0.40 respectively. The strong changes occurring in fat contents caused by caponisation may change the fat quality of edible meat as well. This is a matter of increasing importance, mainly for two reasons: (1) its impact on meat sensory properties and (2) its implications in human health [2] . It is commonplace that high intramuscular fat contents improve meat sensory properties, although this may not be necessarily the case in poultry, where meat from leaner lines could be preferred by consumers [15] . With regards to fat composition, low changes in fatty acid profiles are enough to modify sensory characteristics of the meat [17] . It is, however, generally accepted that a high plasma level of LDL-cholesterol in human blood is correlated with coronary heart disease [12] , and that saturated fatty acids increase the plasma LDL-cholesterol level whereas unsaturated fatty acids decrease it [13] .
In this sense, the objective of this paper was to investigate the differences between capons and cocks in the fatty acid profiles of abdominal fat and of edible meat. Since the consequences of caponisation differed among parts, in order to get an in-deep representation of different responses to caponisation, fatty acid profiles were calculated part by part for each constituent tissue.
MATERIALS AND METHODS
The experimental procedures by means of which this study was conducted were approved by the Ethics Committee for Animal Experimentation of the University of Lleida.
Animals, rearing procedures and carcass dissection
Most of the experimental procedures concerning animals, rearing practice and carcass dissection are described in a previous paper [23] . Briefly, a random sample of 20 capons (late caponisation; CA-8) and 20 cocks (CK) was taken from two batches of Black Penedesenca-based birds [9] . Some of the birds in the first batch were castrated at 4 weeks of age (early castration; CA-4), and 8 of them were taken for this trial as well. Caponisation was done following the surgical method described in Cubiló et al. [6] . All birds were fed with the same diet (Tab. I) and reared according to the official requirements of quality poultry production in Catalonia, Spain [7] . Feed nutrient contents were determined as follows: crude protein and ash analyses were conducted according to the Association of Official Analytical Chemists (AOAC, 1990). Crude lipids were determined by ether extraction in a Soxhlet apparatus. Compositional fat analysis was performed by gas chromatography with a capillary column and a flame ionisation detector. The absence of testicular regeneration in capons was determined on live by visual assessment and later confirmed after slaughtering. At 28 weeks of age, the animals were stunned, slaughtered and bled in a commercial slaughterhouse. After evisceration, the carcasses were chilled in a 4 ºC cool room for 24 h and quartered according to the WPSA recommendations [25] . The left-side wing (WG), breast (BR), thigh (TH) and drumstick (DK) were dissected into the following tissues: skin (SK), subcutaneous adipose tissue (SB), intermuscular adipose tissue (IM), muscle (M), bone (B) and tendons; edible meat was defined as the sum of all the edible tissues in the part (SK+SB+IM+M). To obtain a representative sample of the edible meat of each dissected part, an aliquot was taken from the pool originated after mixing SK, SB, IM, and M. Moreover, SK, SB, IM, and M from all dissected parts of 12 CA-8 and 12 CK birds were analysed separately to determine the fatty acid profile of each tissue component. In these animals, the edible meat fat characteristics of each part were calculated as a weighed mean of the values in each tissue.
Determination of fatty acid profiles
Previously to fatty acid determinations, the samples of edible meat and tissue components were minced and freeze-dried. After homogenisation, representative aliquots from freeze-dried samples were used to determine dry matter (DM) and crude fat content. DM was determined by drying a precise weight at 100 to 102 ºC in an air oven for 24 hours. Crude fat content was determined by ether extraction in a Soxhlet device while percent crude fat was calculated on dry tissue basis. These chemical analyses were conducted according to the Association of Official Analytical Chemist regulations [3] . For fatty acid analysis, total lipids were extracted using a chloroform/methanol mixture [11] . Fatty acid methyl esters were obtained using a solution of boron trifluoride 20% in methanol [20] . Analysis of fatty acid methyl esters were performed by gas chromatography with a capillary column SP2330 (Supelco, Tres Cantos, Madrid) and a flame ionisation detector with helium as the carrier gas. The oven temperature program increased from 150 to 225 ºC at 7 ºC per min. Injector and detector temperatures were both 250 ºC. The quantification was carried out through area normalisation with an external standard mixture of fatty acid methyl esters (Sigma, Tres Cantos, Madrid). Fatty acid composition was calculated as a percentage of each individual fatty acid relative to total fatty acids; other details of the fat analysis can be seen in Tor [22] . Several indexes were obtained from individual fatty acid percentages; in particular, proportions of polyunsaturated (PUFA), monounsaturated (MUFA), saturated (SFA) fatty acids and the unsaturated:saturated (US) ratio were calculated.
Statistical analyses
Data analysis was performed using the SAS general linear models (GLM) procedure [21] . The analysis for fatty acid profile of the abdominal fat was performed according to the following model:
( 1) where y ij is the fatty acid percentage being analysed in individual k of batch i and sexual group j; µ is the overall mean; b i is the batch effect i (i: 1, 2); s j is the sexual group (j: CA-8, CK) or age of caponisation (j: 4 wk, 8 wk); b is the regression coefficient for X ijk , and e ijk is the residual error term. The covariable X ijk was included in the model in order to adjust the differences between sex groups for abdominal fat content. Thus, X ijk was the abdominal fat weight of individual k.
The analyses for fat content and fatty acid profiles of edible meat were performed according to the following model: (2) where y ijkl is the fatty acid percentage being analysed in part k from an individual l of sexual group j and batch i; µ, b i , s j , and b are defined as above; p k is the part effect k (k: WG, BR, TH, DK) or age of caponisation (j: 4 wk, 8 wk); sp jk, is the second order interaction between the sexual group and the part effects and e ijkl is the residual error term. In fatty acid profiles, the covariable X ijkl was included in the model in order to adjust the differences between sex groups for crude fat content of edible meat (EMF). Thus, X ijkl was EMF of individual l.
Fatty acid profiles in each tissue were analysed according to the following model:
where y jklm is the fatty acid percentage of individual m in tissue l of part k from sexual group j; µ, s j , p k are defined as above; t l is the tissue effect l (l: SK, SB, IM, M); sp jk, st jl, pt kl , spt jkl are the corresponding second and third order interactions between the effects of the sexual group, the part, and the tissue; e jklm is the residual error term. The analyses provided estimates of treatment contrasts and statistical significance of the differences was determined by the t-test.
RESULTS

Age of caponisation
No differences were found for crude fat content of edible meat (EMF) between CA-4 and CA-8 groups; the effects of caponisation age on the fatty acid profiles of abdominal fat and edible meat are given in Table II ; at the same time, no effect of caponisation age was found on the fatty acid profile. However, for edible meat, the CA-8 group showed a higher US ratio than the CA-4, mainly as a result of a higher content of C18:2 n-6; as a consequence, PUFA and n-6 fatty acids were also higher in CA-8. The increase in C18:2 n-6 was counterbalanced by a decrease in C16:0, thereby explaining the US change. Because of these differences, comparisons between cocks and capons were made only with respect to the CA-8 group, since this is the caponisation age commonly adopted in commercial farms.
Fat characteristics of abdominal fat
The effects of caponisation on total lipid fatty acid profiles of abdominal fat are given in Table III at an equal age of slaughter. This difference was due to C18:0 and C16:1 n-7 fatty acids, which led to an increase in the MUFA and to a decrease in the SFA content in capons. However, if adjusted by the abdominal fat weight, the US index did not differ between cocks and capons, nevertheless, the observed differences in C16:1 n-6 and C18:0 still remained, and no difference was observed between capons and cocks in PUFA for abdominal fat.
Fat characteristics of edible meat
Significances for caponisation, part, caponisation with part interaction, and EMF on the fatty acid profile of edible meat are given in Table IV , where it can be observed that the part effect was significant in all fatty acids except C20:1 n-9. Caponisation with part interaction was also significant for several fatty acids, and the effect of caponisation on fat composition of edible meat was part dependent. Besides, a significant interaction between caponisation and part was found for EMF, SFA, PUFA and US; for this reason the effect of caponisation on fat composition of edible meat is given part by part. The EMF percentage was always higher in capons for all parts (Fig. 1) but especially in the thigh and breast.
The fatty acid profiles of the thigh and drumstick are the most sensitive to caponisation (Fig. 2) . In both parts, the US ratio was higher in capons than in cocks, as a result of higher contents in PUFA and MUFA and lower contents in SFA. For the thigh, the differences between capons and cocks were primarily due to C14:0 (2.11 ± 0.27 vs. 4.22 ± 0.28; P < 0.01); C16:1 n-7 (6.09 ± 0.34 vs. 4.30 ± 0.35; P < 0.01); C18:0 (7.04 ± 0.38 vs. 11.87 ± 0.39; P < 0.01) and C18:2 n-6 (18.08 ± 0.93 vs. 13.99 ± 0.96; P < 0.05) fatty acids, respectively. In line with these results, for the drumstick, the differences between capons and cocks were due to C16:1 n-7 (7.79 ± 0.39 vs. 5.99 ± 0.39; P < 0.01); C18:0 (6.98 ± 0.44 vs. 12.56 ± 0.44; P < 0.01); C18:2 n-6 (19.49 ± 1.07 vs. 14.64 ± 1.07; P < 0.01); and C18:3 n-3 (0.74 ± 0.05 vs. 0.40 ± 0.05; P < 0.01) fatty acids, respectively. Fat changes occurring after caponisation led to modifications of fat nutritional characteristics. Therefore, capons showed a higher percentage of omega 3 fatty acids in edible meat from both the drumstick and thigh and a higher percentage of omega 6 fatty acids in the thigh. However, once adjusted by EMF, caponisation only affected the thigh fatty acid composition, where differences, as above, are mainly due to a higher concentration of C16:1 n-7 (7.87 ± 0.39 vs. 6.36 ± 0.44; P < 0.05), C18:2 n-6 (19.59 ± 1.07 vs. 15.16 ± 1.22; P < 0.01) and C18:3 n-3 (0.75 ± 0.05 vs. 0.43 ± 0.06; P < 0.01) and lower concentrations of C18:0 (6.79 ± 0.42 vs. 11.60 ± 0.48; P < 0.01) in capons; the n-6/n-3 ratio of edible meat was not affected Σn-3: sum of n-3 fatty acids; Σn-6: sum of n-6 fatty acids.
by caponisation but was part dependent (P < 0.01). Both in cocks and capons, the highest n-6/n-3 ratio (53.7 ± 5.4) took place in the thigh, reaching twice as much as the other three parts.
Fat characteristics of edible meat constituent tissues
Fatty acid profiles of edible meat constituents were studied separately. For intramuscular fat content, SFA, PUFA and US, the interaction effect between caponisation, part and tissue was statistically significant. Hence, the effect of caponisation on the aforementioned indexes on each tissue is given within part (Tab. V), where the tissue effect is statistically significant for fat content and all fatty acids. Additionally, the r-square outstandingly improved for fat contents (from 0.67 to. 0.96) and for the majority of fatty acids (in short, 0.49 vs. 0.77; 0.36 vs. 0.80 and 0.29 vs. 0.37 for SFA, MUFA and PUFA, respectively). With regards to fat content, the caponisation effect was focused on skin and subcutaneous fat, and skin fat content in capons was about twice than in cocks in all studied parts. The subcutaneous breast, thigh and drumstick fat content also showed to be higher in capons than in cocks. Surprisingly, in the drumstick, cocks had an extremely lower value, and differences with respect to capons in this tissue reached 37%. Capons showed higher intramuscular fat than cocks after pooling of all parts (8.32% ± 0.48 vs. 5.81% ± 0.51; P < 0.001), 18.74 NS ** ** NS *, ** Significant at P < 0.05 and P < 0.01, respectively. SFA, MUFA, PUFA: Saturated, Mono-Unsaturated and Poly-Unsaturated Fatty Acids, respectively. Σn-3: sum of n-3 fatty acids; Σn-6: sum of n-6 fatty acids.
although the differences were not significant when comparisons were done part by part (Tab. V). Fatty acid profiles for meat constituent tissues by part can be seen in Table V; in several cases, muscle gives rise to lower saturation in capons. Thus, intramuscular fat in the drumstick presents a higher content of PUFA and a lower content of SFA in capons than in cocks, whereas thigh intramuscular fat presents a higher content of MUFA and lower SFA rates in capons. Breast intramuscular fat presents higher content of MUFA; however, the breast and wing present a higher intramuscular PUFA content in cocks than in capons. In line with these results, thigh skin follows a similar model since thigh muscle also presents a higher content of MUFA and lower rate of SFA in capons. Intermuscular fat in the breast and wing presents a higher SFA content in cocks than in capons.
DISCUSSION
Growth and tissue composition
Despite the fact that fat growth is the last step in tissue development sequence, early caponisation has an effect on meat characteristics. The most important changes, raised by advancing caponisation age in 4 weeks, are a lower US ratio and PUFA percentage in EMF (Tab. II), together with a small increment in carcass skin percentage reported in a previous work [23] . These results were in accordance with the bibliography [19] , showing that the effects of gonadal development on fat deposition may start very early in time. Moreover, differences in growth curves between cocks and capons started at caponisation time [5] and should explain several carcass differences found in meat. In this sense, changes by caponisation in the US ratio of abdominal fat could be most likely explained by a higher growth of this tissue in capons, because at constant abdominal path weight whole differences disappear. However, EMF composition has a more complex behaviour. Despite the fact that EMF as a covariate is significant, caponisation and part interaction effect still remains significant in SFA, MUFA and US indexes and in several fatty acids (Tab. IV). Therefore, reasons other than faster growth in capons are needed to explain differences in EMF composition. In this sense, including the tissue effect in the statistical model is a useful means of explaining fat and fatty acid variances in edible meat. An overall view on tissue composition by parts (Tab. V) looks anarchical and there seems to be no underlying pattern between parts. Although detected changes in tissues agree with whole EMF part differences previously described, a direct relationship between tissue and meat composition is not always evident. Two reasons could explain this fact. Firstly, tissue composition must be counterbalanced by tissue weight; in some cases a quantitatively unimportant tissue (for example: intermuscular adipose tissue in the breast) does not extend its influence to EMF. Secondly, opposing differences by tissues compensates in meat as a whole (for example: SFA content of intermuscular and muscle in the wing). Nonetheless, detailed fatty acid composition analysis by parts and tissues has been a useful method to clarify meat differences between cocks and capons. Thus, higher EMF contents in capons is caused by skin and subcutaneous tissues, while a higher US ratio in EMF of capon thigh and drumstick is caused to a large extent by intramuscular fat.
Physiological basis
In a previous paper [23] , concerning the carcass quality of the same experiment, we Figure 2 . Least squares means of summarised fatty acid profiles of edible meat by part at slaughter age of 28 weeks. (*, ** significant at P < 0.05 and P < 0.01, respectively). SFA, MUFA, PUFA = Saturated, Mono-Unsaturated and Poly-Unsaturated Fatty Acids, respectively. have reported a higher abdominal and subcutaneous adipose tissue in capons. Because fat synthesis in birds is mainly hepatic [1] , these changes were explained by an increased rate of hepatic lipogenesis in capons [14] due to a feminisation of the growth hormone secretion pattern by caponisation [18] . In order to explain changes in abdominal fat composition and a higher fat content in subcutaneous adipose tissue of capons, the same physiological background should be argued. In this case, because birds, as well as mammals lack 12-desaturase and 15-desaturase, changes in fatty acid profiles could be expected. Thus, higher endogenous synthesis of saturated and monounsaturated fatty acids should lead to a fall in PUFA levels. Our results in EMF composition disagree with these expectations, since PUFA levels either remain constant (breast and wing) or increase (thigh and drumstick) in capons. Therefore, in opposition to divergent selected lines for fatness [1] , higher EMF contents in capons must be explained by a higher deposition of fat from the diet rather than by a de novo synthesis. This necessarily implies a higher ingestion and/or higher digestibility in capons, since birds are tributaries of food intake for these fatty acids [16] . In this sense, an improvement in conversion indexes was reported by Francesch [10] in Penedesenca Negra capons; in our experiment, we observed the same trend, and thus, from 7 to 28 weeks of age, the group conversion index was 6.58 and 6.17 for cocks and capons, respectively (data not published). Unfortunately, individual food intake records were not available. Whatever might be the case, further investigations are still necessary to gain insight into the physiological basis of higher fatness in capons.
Meat quality
Changes in meat quality of capons related to fat characteristics present contrasting aspects. Given that all parts from the capon's carcass are fattier than those from cocks, both sensorial and dietetic characteristics in capons would change. According to the literature, higher fat content usually involves a decrease in consumer willingness to purchase and eat the meat. This fact could be counterbalanced by an improvement of texture and taste, especially in this reputed product. With regards to dietetic characteristics, high fat content clashes with general advice of nutritionists. However, the greater US ratio of capon EMF, as a result of lower SFA content in the drumstick and thigh muscle, counterbalances dietetic meat quality in capons, since it is clear that saturated fatty acids are hypercholesterolemic [13] . Moreover a higher n-3 content in the drumstick of capons underlines its EMF quality with regards to cocks; unlike in most cases, [8] a higher fat level in capons does not result in n-6/n-3 changes. Finally, a higher trend in capons to deposit a more polyunsaturated fat could make it necessary to provide an extra antioxidant intake, as advised in omega-3 fatty acid enriched diets [16] .
CONCLUSIONS
Caponisation increases chemical fat content in all parts, mainly as a result of a greater accumulation of fat in the skin and in subcutaneous adipose tissue. Increased fatness leads to some modifications in fat characteristics, particularly in the thigh and in the drumstick, where the fatty acid profile of edible meat shows a less saturated pattern. The fatty acid profile of the breast as a whole is not seriously affected by caponisation but the profile of the dissected muscle is more monounsaturated in capons. The profile of abdominal fat is less saturated in capons, although this effect vanishes after adjusting by means of abdominal pad weight. All changes occurring on fat quality after caponisation indicate that increased fatness in capons does not mean worse fat nutritional properties. The sensorial characteristics will probably be more dependent from the lipid amount in tissues than from the fatty acid profile. Particularly the PUFA, quite implicated in flavour development, does not greatly differ between cocks and capons.
